South Africa, rely on untreated surface water for human consumption. The consumption arises partly from the local municipalities' erratic supply of treated drinking water to its residents. Here we report on the microbial load of surface water sources and after simple water treatment using hand dug wells in Vhembe District, South Africa. The results of the pH were in the range 6.90 to 8.86 with the water temperature ranging from 16 to 25 ºC. The turbidity values were in the range 2.53 to 393.67 NTU which shows problem of soil erosion, rainfall runoff and wastewater discharge by upstream sewage works. The faecal coliform counts varied between 0 cfu/100 ml to > 300 cfu/100 ml, E. coli counts varied between 0 cfu/100ml and >300 cfu/100 ml, and faecal Streptococci counts between 1.5 cfu/100 ml to >300 cfu/100 ml. The microbial load in the hand dug wells was considerably lower than that of the Nandoni reservoir (due to soil filtering capacity). The existence of a high microbial load that exceeded acceptable regulatory guidelines render these water sources unsafe for human consumption. Physical conditions, such as water temperature, also enable bacterial propagation. Thus, the advent of climate change and especially the warming of surface waters may exacerbate the current condition of the use of untreated surface water sources.
their best to protect water sources and ensure that the water reaching the community is safe or free from any organisms or substances which are harmful to humans [1] . The common source of surface water pollution, however, is human and animals wastes. The water borne pathogens caused by these sources is of concern because there are many rural communities in South Africa that utilize unprotected sources for drinking water [2] [3] . Currently, water industries are only focused on the removal of waterborne pathogens in water treatment than preventing these pathogens from entering the water environment [1] .
Most communities in rural areas, such as the Dididi village in the Limpopo Province of South Africa, have limited access to municipal water and may resort to the use of nearby surface water sources that have a poor microbial quality for their daily sustenance. The use of untreated water for drinking and other domestic uses, such as food preparation, washing clothes and bathing, may be harmful to the communities. Lack of safe drinking water can lead to a number of diseases such as cholera, diarrhea and gastro-enteritis. These diseases cause high death rates per year in the World, especially with children under the age of five [4] [5] . Thus, the contamination of drinking water is a serious problem in developing countries such as South Africa. Microbial pathogens have been noted as the main contaminants of most developing countries' water sources [6] . Therefore, an effective management and operation of water sources seeking to protect the source of drinking water is important. This demands action by water suppliers, environmental protection agencies, and health bodies [7] . The quality of water sources protection measures is an important component in controlling the presence of pathogens in final drinking water [8] . Diarrhea is one of the acute disease problems in many rural areas, including those in South Africa, especially those areas with no access to water source [9] [10] . Village communities near the rivers and reservoirs use water from untreated water sources for drinking, laundry and recreation purposes. A study by Bessong et al. [10] notes that river water used by the Venda communities of South Africa was of poor microbial quality and unacceptable for human consumption.
Thus, to improve the microbial quality of the drinking water, some of the rural communities have resorted to hand digging of wells ( Figure 1) .
The hand dug wells are also commonly used in rural areas and are dug inside a river channel or along a river bank [11] . The river sand is then used to filter out pathogens as the water fills the open space inside the hand dug well [12] . are usually quite shallow, typically 0.3 m to 0.6 m deep, are very important to rural communities, especially in areas where surface water is scarce. Nonetheless, these wells are easily prone to contamination. The major objective of the study was to assess the microbial quality of surface water sources in both the Luvuvhu River catchment and hand dug wells that are dotted along the Nandoni Dam, Vhembe district of the Limpopo province of South Africa.
II. MATERIALS AND METHODS

A. Location of the Study Area
The study area is the Luvuvhu river catchment (Mvudi river is a tributary of the Luvuvhu River flows into Nandoni dam), Vhembe district in Limpopo Province (Figure 1 ). Water samples were collected for microbiological analysis in sterile 250 ml glass bottles, transported in a cooler box to the laboratory and analyzed within 24 hours. The onsite measurements, in triplicate, were pH and water temperature (a pH meter (Multi 340! /set Instruments, Germany) Supplied by Wissenschaftlich-Technische werkstatten GMBH) and turbidity (portable 2100P turbidity meter supplied by LABTEC, South Africa). The pH meter was calibrated according to the manufacturer's guidelines using pH buffers of four and seven.
C. Microbiological Analysis
Water samples were analyzed for E. coli, faecal Streptococci, total coliform and faecal coliform and determined using the membrane filtration method [13] . The water samples were tested in duplicate with the media prepared according to the instruction of the manufacturer. The media used was Chromogenic, Slanetz and Bartley and the agar that was used were Nutrient and Bile aesculin (Oxoid) while mFC (Labretoria).
D. Climate Data
The climate data on rainfall and air temperature was obtained from the South African Weather Station at Thohoyandou.
E. Data Analysis
The Microsoft Office Excel 2003 was used for both the data analysis and drawing of graphs. The results on water collection from surface water sources were summarized using average and standard deviation in triplicates for physical water quality and duplicates for microbial water quality. The differences in water quality parameters between upstream and downstream for each sample point were analysed using one way ANOVA with MS Excel 2014. The level of significance for the tests was set to p<0.05. The correlation was used to determine of the water quality parameters with climate data on rainfall and air temperature.
III. RESULTS AND DISCUSSION
A. The Effects of Physical Parameters on the Microbial
Growth of Organisms The water pH at all sites was in the range 6.90 to 8.86 (Tables  2 to 4 ). According to Makhera et al. [14] pH values ranging from 3.0 to 10.5 could favour the growth of both indicators and pathogenic micro-organisms. In addition, microorganisms are affected differently in the water sources due to the changes of pH and temperatures of water sources [11, 15] . Nevertheless, the pH of the study sites was within the South African Water Quality Guidelines standard limits and WHO guideline values [16] [17] .
All the pH values were within the acceptable the South African Water Quality Guidelines Standard limits (6.0 to 9.0) for domestic use and have no effects to human health, irrigation of crops and watering of livestock, aquatic ecosystem, as well as recreation such as bathing and swimming [16] . A similar study by Zamxaka et al. [4] found the pH range of 6.8 to 8.3 and is thus in agreement with this study (6.90 to 8.86) and indicates that the pH levels may promote the growth of bacteria.
The values of turbidity at all sites ranged from 2.53 NTU to 393.67 NTU (Tables 2 to 3 ). The increase in turbidity levels between Mvudi upstream and downstream was probably due to rainfall, for there is a positive correlation between rainfall and turbidity levels ( Table 5 ). The high values of turbidity are influenced by rapid erosion of surface soils into the rivers due to high heavy rain such as that received in November 2009. This is supported by the study of Abanyie et al. [18] who found that the turbidity in surface water sources increased during the wet seasons and may be associated with microbial pathogens. The Thohoyandou sewage plant may also contribute to the high levels of solids discharged at the Mvudi downstream but this was ruled out since there was no difference between upstream and downstream (p>0.05). There was, however, a significant difference (p< 0.05) in the turbidity levels for the sample points from the Luvuvhu upstream and downstream. In between these two sample points, Luvuvhu upstream and downstream likes the giant Nandoni Reservoir, which may account for the low turbidity levels downstream of Nandoni dam, since the suspended materials may silt in the Nandoni Reservoir? Most of the turbidity values [16] . High turbidity with more than 10 NTU is associated with high pathogens counts [18] .
The water temperature for all sampling sites was between 16ºC and 25ºC during the sampling time (Tables 2 to 4 ). There was a positive correlation between water temperature and air temperature ( Table 5 ). The recommended standard limits which carry no risk are temperatures less than 24ºC for domestic use. The water temperature measurements noted in this study were of no significant effects on domestic use. Several studies noted that water temperature plays an important role in the survival of microorganisms [15, 16, 19] . The recommended limits of surface water temperature varied between 18 ºC to 24 ºC [16] . The temperatures' impact on surface water could explain the high coliform counts observed in this period at almost all sites in this study and was also confirmed in studies by Fatoki et al. [19] and Zamxaka et al. [4] . Thus our research findings showed that the temperature range may also promote the growth of bacteria in surface water sources
B. Microbiological Water Quality of Surface Water Sources in the Luvuvhu River Catchment
The study observed a great variation in the microbiological water quality of the surface water sources at all sites (Tables 6 to  8 ). The poor microbial quality of the water sources highlights the public health concerns for communities living near these sources. The study showed that human and animal activities at the water collection sites may affect the water quality greatly.
The quality of water that was collected from Mvudi River was microbial poor. The faecal coliform in the upstream of Mvudi River varied between 52 to >300 cfu/100 ml (Table 6 ) and 0 to >300 cfu/100 ml in downstream of Mvudi River in August, September and October. The maximum limits for no risk for faecal coliform is 0 cfu/100 ml [16] . This situation showed that the faecal coliform in the upstream was extremely higher than the recommended limits. These high counts of faecal coliforms in the river indicate that the river was probably contaminated by discharge from the Thohoyandou sewage plant [17] but this was ruled out since there was no difference between upstream and downstream (p>0.05). A positive correlation between faecal coliform and rainfall (0.80) was also observed and this implies that animal and human wastes were washed into the Mvudi River after a rain event, such as the one that occurred in November 2009 during the study. The data for the upstream exceeded the recommended limits only in November and in the downstream section in August and September. The high levels of total coliforms in surface water sources were the result of the high rates of contamination from faecal and environment wastes [15] . These high coliform counts are associated with waterborne diseases caused by pathogenic organisms such as Shigella spp, Vibrio cholerae, Salmonella spp and pathogenic E. coli [20] .
The levels of E. coli counts ranged between 0 to 7 cfu/100 ml and 0 to >300 cfu/100 ml for the upstream and downstream sites, respectfully. The high levels observes on the upstream section were not within the recommended DWAF limits. The levels of E. coli increased downstream of the Thohoyandou sewage plant in comparison with the upstream section during the dry months of August and September. Thus the high levels of E. coli on the downstream section are attributed to the discharge of treated effluent from the Thohoyandou sewage plant. The analysis observed a positive correlation between E. coli and turbidity (0.80) and a weak association with rainfall (0.45), which implied that the E. coli levels originated from the Thohoyandou sewage plant. There are other studies, such as those by Fatoki et al. [19] and Fatoki et al. [21] , which also implicate sewage outflows as the likely candidates of point sources of microbial pollution.
The faecal Streptococci results in both the upstream and downstream are of poor quality because all the counts were above the recommended limits (0 cfu/100 ml) for human consumption and (0-30 cfu/100 ml) for recreation. The faecal Streptococci varied from 80 to 266 cfu/100 ml and 85 to >300 cfu/100 ml for the upstream and downstream sites. The high levels of faecal Streptococci counts could be due to faecal contaminants from animals and human waste from the surface [15] . There was positive correlation between faecal Streptococci and turbidity (0.86) and a weak association with rainfall (0.49), thus implying that the faecal Streptococci levels originated from the Thohoyandou sewage plant.
C. Microbiological Water Quality of the Nandoni Reservoir
Water and Hand Dug Wells The microbial quality of the hand dug wells (Figure 2 ) and Nandoni Reservoir water was different, with the latter was highly contaminated than that from the hand dug wells (Table  7) . Fig 2: The location of hand dug wells along Nandoni dam Most of the counts for faecal coliform, E. coli and faecal Streptococci were higher than the recommended limits with no risk for human consumption of 0-130 cfu/100 ml for E. coli and 0-30 cfu/100 ml for faecal Streptococci in recreation that were set by DWAF [22] . The low levels of microbial counts in the hand dug wells in comparison to Nandoni reservoir water were probably due to effective riverbank filtration. The contamination in hand dug wells arose from the fact that the wells were not protected from animals and surface waste. The Nandoni Reservoir water was highly polluted during both the dry and wet months. This may be attributed to human activities such as fishing, washing clothes, and making bricks which occur in both wet and dry months [24] . There was a positive correlation between E. coli and rainfall (0.96) and faecal Streptococci and rainfall (0.83) at the Nandoni reservoir, which implies that animal and human waste was washed into the reservoir after a rain event such as the one that occurred in November 2009 during the time of the study. The levels of E. coli counts varied from 9 to 205 cfu/100 ml ( Table 7 ) and these were higher than in the hand dug wells. The levels of faecal Streptococci counts were above the recommended limits, the count which ranged from 7 to 181 cfu/100 ml (Table 7) , was higher than in the hand dug well # 1.The above level of faecal Streptococci counts may have been caused of human pollution. This may be attributed to the filtering capacity of the soil. A weak correlation between E. coli and rainfall (-0.33) and faecal Streptococci and rainfall (-0.51) in the hand dug well #1 was also observed, thus implying that the low microbial levels in the hand dug well were due to effective soil filtering capacity.
D. Microbiological Water Quality of the Luvuvhu River
Upstream and Downstream The microbiological water quality of Luvuvhu River was relatively poor (Table 8 ). The levels of microbial contamination in the upstream were higher than in the downstream and this was probably caused by human activities such as fishing, washing clothes, swimming and brick making. The levels of faecal coliform counts were between 5 to 67 cfu/100 ml in the upstream section and lower in the downstream section. The levels of faecal coliform counts in the upstream and downstream of Luvuvhu River were greater than the acceptable recommended limits (0 cfu/100 ml). The high levels of faecal coliforms are associated with the waterborne disease caused by high pathogens levels which were present in the water sources. The levels of E. coli and faecal Streptococci counts in the Luvuvhu River were variable but much lower in the downstream section. The standard recommended limit for no risk human consumption is 0 cfu/100 ml and 0 to 130 cfu/100 ml for recreation. During the dry months, all animals and human get water from the surface water sources which are nearby and this increases the chances of high levels of contaminants in surface water sources. The high count of microbial levels in the river indicate that the river was probably contaminated by sewage waste discharged from Thohoyandou sewage plant [23] but this was ruled out since there was no difference between upstream and downstream (p>0.05). There was also a weak correlation between faecal Streptococci and rainfall (0.66), which implied that animal and human waste was washed into the Luvuvhu River after a rain event such as the November 2009 witnessed during the time of the study.
IV. CONCLUSION
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